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SUMMARY: - T h e r e ~ 0 •• e D d e d 1 0 c a t i 0 D . Q f 
iheraostats in an lato•atically Controlled 
Matural Ventilation barn was deter•ined based 
on the ability to establish coafort zones for 
the aniaals and to ainiaize the effect of viod 
direction and exterior teaperature. 

Theraostats located at 0.9 • abo•e 
the floor, 3.3 • froa the outside valls, at 
aidlengtb of the barn pro•ided adequate 
en•ironaental control under all conditions 
studied. 
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IllTRODOC?IOll 

Th• location of the th•rAO•t•t can affect th• perforaance of 
natural •• vell •• aechanical ventilation •Y•t•••· Many 
recoaaendationa have been aade re9ardin9 location• tor therao•tats 
tor ••chanical ventilation •y•t••• but very tev recouendations 
exist tor natural ventilation •Y•t•••· 

Accordin9 to th• Ontario Ministry of A9riculture and Food 
ventilation •anual (Huff•an, 1984), th• recommended theraostat 
location should be as clo•• as practical to the livestock living 
space, but not near a vara ceilincJ, or a cold vall, and not exposed 
to •unli9ht. •They should be in the noraal air tlov ot th• barn, 
near the animals and in an area where they can be easily read, 
adjusted and kept clean". · 

The purposes of a the~ostatic control system -are to : 
1- provide a comfort zone over the sleeping area ·and 
2- minimize temperature fluctuations in the animal space 
regardless of the variability of outside ' temperature and wind. 

Durin9 the falls of 1986 and 87, data were collected to 
establish the preferred thermostat locations along and across an 
Automatically Controlled Natural Ventilation (AClfV) buildin9 tor 
9rowin9-finishing h09s. 

-: LinRATURE REVIEW --

Thermostat location. - for automatically controlled natural 
ventilation. 

Bird ( 1914) reco-ended that therwostata be located half-way 
along the barn, close to the sets of ventilation doors. they control 
and ·l.5• above the floor. 

Anon (1984), Spackllan 1t al, (1983), and StrOll and llorsinq 
(1984) reported tbe capability of an ACMV systea to .aintain indoor 
temperature between 15 and 20°c in cold weather. Barns studied 
had thermostats centrally located in the roo• (centre alley layout) 
between 1. 5 and 1. 8 • above tbe floor. 

In Ontario, MacDonald 1t al. : (1985') found 7·•10°c te•perature 
9radients across a~d along an AQIV barn at an outside te•perature 
of · -10°c. Here orily one thenaost~t, located in the •iddle of the 
rooa · was used to control the sidewall openings. Siailar 
temp.rature fluc;tuations were observed.by Borg and Ru.inicki (1986) 
for the cold weather conditions of the Canadian Prairies. · 

I ' I 

Barrie . {1986) ·s tudied ·an : ACNV . finishing barn where the 
therinostats \iere centrally loca~~ .in the rooa at 2 ~ 6 a above 'the 
floor ~ He recommended adjusting the thermostats to l 7°C in order 
to obtain a target temperature of 14oC at floor level. He also . ' 

Contribution no.I-979 troa En9ineerin9 and Statistical Centre, 
• . I ' Research Branch, Aqric.ul ture Canada, ·Ontario, C~nada, · IUA OC6. 
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noted vertical and horizontal . t••perature 9radienta in th• b·arn 
which varied vlth vind •P••d and direction. 

OWen (1914) de1cribed a cdntroll•r vhlch could accoamodat• 
aeveral t••p•rature 1enaora. It vaa anticipated that thi• 
controller vould reduce t••perature 9radienta in th• barn •inc• it• 
action waa baaed on th• avera9• t••perature of aeveral locations. 
It ahould also be le•• atfected by other feature• auch •• ••pty 

:~ pens. Ke also discussed the importance of a ti•• delay between 
. temperature readinqs by th• controller in order to prevent 
fre~ent door adjustments. 

Durinq the winter of 1984-85 Choiniere (1915) evaluated a non
•odulated "natural ventilation systea where the thermostats were 
2. lm above the floor at the aid-length of th• barn. Large 
temperature fluctuations vere noted at floor level while the 
temperatures at 2. la were quite stable. Based on observations of 
the air flow patterns and tempera'·ture profiles, he recommended that 
thennostats be located on both sides· of the barn, 3. Jmeters from 
the wall and that they should be located 0.9m above the floor for 
outside temperatures below ooc and 1. Sm for outside air- temperature 
above o0 c. These were ·locations exhibitinq lar9e temperature 
fluctuations. Thermostats were located midway alon9 the, buildinq. 

For natural ventilati~n, no other literature was found giving 
thermostat location recommendations based on observations of 
temperature profiles and fluctuations, or air flow patterns. 

Identification of Yariables = ~ = 
: = 

-s~ver·a1 variables affect. temperature · control inside a naturally -
ventilated bui'ldincJ. - Hellickson et al. ( 1983) , Bird ( 1984) and 
Milne (1984) classified some variables such as vind direction and 
speed and exterior teaperature as· being uncontrollable. The type 
of building, its orientation, interior layout, type of air inlets 
and outlets, and related ani•al aanag ... nt factors are 
controllable variables; these should be -chosen to give th• best 
possible envirollll8ntal condition.S in the barn 1n relation to the 
uncontrollable variables. 

Uncontrollable variables 

Barrie (1986) stated that · theJ. weather conditions have direct 
effects on the te.perature z·ones alon9 and ·~~·ccross the barn. For 
isothermal conditions, Ogilvie and Boyd (1985) stated that t~e wind 
direction is the doainant influence on tb4t three dime_n.ional 
airflow patterns. stro• (1987), Mitchell a..nd : Ross (197;7), and 
Choinier.a et al, (1986) studied isotbeml tvo diunsional air flow 
patterns tor a cross section of a gable roofed ~~tu~ally v~ntilated 
barn • . , In . another ,study Choiniere· et al, (}.,8 .~) , repo~ed the 
diff,rence~ in airflow ·.patterns J;>etween · . ~sotheraal ~nd non-

,~ isothermal conditions. .. · r .. . 
·. 

Prediction Of air flow patterns and temperature zones 

Randall (~97~) described many airflo~ ~atterns in relati6n to 
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th• difference in teaperature of th• incoain9 air atreaa and th• 
ventilated airepace uain9 Archi .. dea n~r•. 

Leonard and McQuitty (1986) obaerved th• penetration of air 
jeta into a ventilated air apace and uaed Archia•d•• nuaber• to 
predict the •tability of th• airatreaaa. DeBruyck•r• and 
Neuckermana (1968) diacu•••d th• relation of teaperature profil•• 
to airflow velociti••, and patterns and atated that auch 
information vaa essential tor th• develop .. nt of a control atrateqy 
for barn ventilation . 

Comfort zone for f ini1hin9 piga 

According to curtis (1983), an animal can survive ·and qrov in a 
variety ot temperature zones. The optimal temperature range for 
animal growth is called the thermal coafort zone. This zone is 
somewhat above the lower critical temperature (LCT), but below the 
upper critical temperature (UCT). Choiniere et al. (1986) 
discussed these aspects and considered the "optimal" zone for 40 kg 
finishing hoqs to be between 17 and 19oc, the "cool" zone to be 
between 15 and l 7oc, and the "cold"· or •discomfort" zone to be 
below is0 c. These considerations were based on work by De La Farge 
(1981), and Yousef (1983). 

curtis (1983) also stated the i•portance of ventilation 
patterns and temperature control in relation to animal activities 
such as eating, drinking, dunging and sleeping. Choiniere et al. 
( 1986) emphasiz-ed the t aat tha~: "A~ natural ventilation systea 
snoul.d be able to establish a comfor~· zone where -pig& · could sleep 
without excessive temperature fluctuat.ions", - · · -

OBJBCTIVBS 

The purpose of this study was to determine a preferred 
ther.ostat location in an ACM'V qrovin9-tinishinq h09 barn in order 
to provide a co•fort zone over the sleepinq area, and to deteraine 
the effects of vind direction and the outside te•perature on this 
location. 

The perf oraance of the te•perature control syste• vas evaluated 
by assessing te•perature profiles and fluctuations. Air flow 
patterns were used to indicate air velocity distributions. 

TEST PROCEDURES AllD IMSTRIJllEM'l'ATJ:Olf 

The monitored barn was a 10.8 x 23.0 • naturally ventila~~~. 
9rowin9-finishi1t9 barn (Piq. 1) owned by A. de Wit of Spencerville, 
Ontario. 

The . barn had a centre all~y between two rows of 2. 4 x 4. 8 a 
pens. The_ pens had sol~d wall partitions and solid pen. fronts. 

~ ~ ·~ 

This ' barn lenqth was . 9riented north-south and attached at the 
north end to a mechanically ventilated barn with matching roof and 
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wall planea. A continuou• ridq• outlet va• aanually adju•t•ble. 
Th• barn waa •quipp•d with an autoaatlc aodulated control •Y•t•• 
con•i•tinq of two thenaoetat•, ti•• delay•, and 9ear aotor driven 
actuator• that opened or cloaed th• rotatinq ventilation door• in 
the aide valla. 

Th• adjuatable tia•r activated the control •y•t•a, in thi• case 
the theraoetata, p•riodically (tor exaaple, every thr•• ainutea), 
which in turn activated a 9ear aotor to open or clo•• the 
ventilation doors. An adjustable ti•• delay controlled th• lenqth 
ot time that the q•ar aotor vaa ener9ized after beinq activated 
(for example 3 second•). Thia allowed the door• to aove in 
increments of about 20 to 30 aa, thus aodulatinq th• operation of 
th• system. The thermostats had a dead band ot about 2°c. This 
modulated system was distributed by Faromor Inc., Waterloo, 
Ontario. 

t,,ocation ot the thermostat 

Following the recommendation of Bird (1984) and Choiniere 
(1985), the thermostats -.ere located midway along the barn and 
3. Jm from the outside walls. Also recommended was the use of 
separate thermostats to control the inlet doors on each side of the 
bafn. Two thermostat elevations : 0.9 and l.5a above the floor 
were used tor different test periods . The thermostats were 
carefully ~ adjusted to the same temperature. When thenaostats were 
tested at the 0.9m height, they were protected fro• the boqs by an 
electric shocker system similar to that used for cattle. 

: Wind --direction ~ = ·: 

-
Fig. 2 · sbows the fo~r quadrants selected to observe the -wind 

direction effects. There was no upwind interference on the south 
and the west sides of the barn whereas soae buildings vere located 
near or upwind to the north and east. 

outside temperatures 

Three outside temperature ranqes were selected to represent 
isothermal, intermediate and cold conditions. They were 
respectively above isoc, between +s0 c and +1s0 c, and between -s0 c 
and +s0 c. There were no coaparati ve data available for colder 
temperatures. 

For this study, the wind speeds and other environmental factors 
were not interpreted. However,.· tor comparison purposes, test 
periods were chosen when vind speeds ver• siailar. 

Test periods anci instrumentation · 
\" ;· .. ~ 

The buildin9 was monitored continuously fro• October , 1986 to 
Japuai:y 1987 and from September 1987 to NovemJ:>er 1987. Thermostats 
we're in.stall~C!i at 0 -: 9m and 1.5• hei'ghts alternatevily on· a weekly 
basis: · During the experiment, the continuous ridge outlet had an 
opening width of ~o mm (0. 4m2 for the whole barn). · .. 



A• indicated in r19. 1, 20 thermocouple• v•r• uaed to ••n•• 
te•p•ratur•• over the central cro•• section of th• barn. Thi• 
prof 11• indicate• the 9•n•r•l thenaal behavior of the barn. Alonq 
the bulldin«J, 30 therwocoupl•• (includift9 I thanaocoupl•• froa th• 
central croea 1ection) at 0.9• above th• floor, ver• uaed to ••n•• 
the teaperatur•• (Fi9. 3). A veath•r etation next to th• barn 
indicated exterior t••peratur•, relative humidity, vind •P••d and 
direction. While teatinq, all readin«J• vere taken at interval• of 
10 aeconda, but avera9ed over a lO-ainute period. Th• data ver• 
tranaterred troa th• datal099•r to an IBM-PC for further analysis 
usin9 commercial sottvar• (Lotua 1-2-3). A land draina9• pr09raa, 
Macdrain, developed by ~ok and Tremblay (1916), vaa uaed to plot 
isothenaal contours fro• th• data. 

Air flow patterns vere observed using air current smoke tubes. 

RESULTS AND DISCUSSION 

Thermostat adjustment 

Thermostats on both sides of the barn were adjusted to within + 
o.s0 c of each other. As shown in the temperature profiles (Fi:qs. 3 
to 7, the temperatures close to the thermostats remained within one 
degree indicating that quite presise adjustment was achieved • 

. Previous data had shown that- unequal adj~~t•ent _ o~ : ~he 
thermosta~s cau~ed the doors on~ one side- of ~he- barn- to open more -
than on the- other; :this- in turn - ag9ravat-ed temperature · gra-dients 
and fluctuations. 

Effecta of vind direction on the prtftrrld location of the 
thermostat alona the building length. 

Fig. l shows te•perature profiles and fluctuation• alo119 the 
buildiftCJ for cold veather condi ti.ons. 

Oqilvie and Boyd (1985) reported that the vind effect do•inates 
over the stack effect for vind speed over 2.0 •I• and a io0 c 
inside-outside t .. perature difference. FiCJ. l deaonatrates that the 
wind direction vas a siqnif icant factor influencinq th• te•perature 
profiles along a naturally ventilated buildi:nCJ. 

Wind from the south vest created a hiqh negative pressure zone 
on the ventilation doors in the south east part of th• barn. ,The 
ridge outlet was also influenced by wind direction. The south 'end 
of the ridge (hiqh negative pressure) vas th• main outlet. 
Hellickson et al. (1983) reported that winds perpendicular to the 
buildinq lenqth exerted a fairly uniform pressure along the 
windward side of the building. Figs. 4 and 5 show temperature 
profiles o f a cross section at the . •idlenqtb of the barn. For wind 
perpendicular· to -the building length, these profiles would remain 
uni fona along the buildin9 but for . winds parallel to the b~_ildin9 
length, the profiles varied alon9 the buildinq. 
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Oriintttion of tbt building 
'~ \ 

, ror cold veather, it 1• reco1UDended th•t 1 naturally ventilated 
buildinq be oriented perpendicular to prevallinq vinda, if they can 
bt identi tied tor th• aite. No data art pr•••ntly available to 
aake recommendation• for var.er conditiona. 

t.ocation oc th• th1rao1t1t along th• ACNY lyilding. 

For exterior teaperaturt• of about ooc, and v1aterly vinda, th• 
location of tht thenostat alone) the buildincJ vaa not critical 
baaed on th• aiailarity of the teaperatur• profil••· With southerly 
vinds, the central location of th• thermoatats vaa aatistactory 
even thouqb the temperature tluctuationa at tht north end ver• 
greater compared to those obtained vith vest vinda (Fig. 3). No 
data are presently available for the coabination of colder 
temperatures and south winds (a rare combination at this site). 
The use of a multi-temperature sensor syste• as proposed by owen 
(1984) would not solve the problem of the lon9itudinal temperature 
gradient due to the wind direction effect, but might help to reduce 
the temperature· fluctuations at the north end. 

Multi-zone control systems 

A possibility to reduce the temperature gradient along the 
; building might be to use a multi-zone control system. This could 

separate the barn into t'-lo or aore sections. For this size and 
orientation of barn, it would be the south and north ends, vith 
ind~pendent thermostat and ventilation door controls. _ Temperatu~e 
gradients- can b• caused by vind : pressure -variation -aiong the bar~. 
To main.tain the same :-.total vol wile- -of air -crossing .: the buildinq, the 
multi zone system vo~ld close. the doors at the .cooler end forcinq 
the doors at the var.er end to open. This unequal door adjustaent 
ai9ht help to equalize the rate of air entry along the building, 
and thus teaperature gradients and fluctuations aigbt be reduced. 

llaxiaum length of building per control unit. 

Results of this study show that one control unit (one 
thermostat on each side) vas barely sufficient to aaintain good 
temperature control for a naturally ventilated building 23• lonq. 
Temperatures colder than ooc or higher wind speeds aigbt have .ore 
adverse effects on te.perature profiles and fluctuations. 

It is reco-ended to use a •ulti-control system for a barn 
.longer than 23•, especially if winds parallel to the lenqth of the 
building are frequently encountered • 

. Effects of vind direction 
,,,\ 

Results (Figs. 4 to 7) show that the ;Vil)d direction '(vest 
'(,ersus south) had liaited i:_nfluence on th·~ temperature profiles 
across the aidlength ·· .. of the barn. For ,both vind directions and 1the 
three. outside .temperatures studied, the thermostat controller was 
able· to provide a ·co•fort zone over the sleeping · area. But 
generally higher temperature fluctuations occurred with south winds 
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•• coapared to vlth ve•t vlnd•. Durin9 cold veather, temperature 
fluctuation• over th• •l••pln9 area in th• order of 2.6°c occurred 
vith south vinda coapared to 1.4oc with weat vinda. 

Mo data vere obtained for euch a coapari•on durinq very cold 
out•id• teaperatur••· 

ltfect of out•id1 t1mp1ratur11 

Isotheraal condition• 

I1oth1raal condition• occur durift9 wana weather wh1n outside 
temperature• approach in•ide t1aperatur1. ror thes1 conditions, 
the thenaostat location had no influence on the temperature control 
but the quality of th• ventilation relied -On the adequacy of the 
air inlet and outl1t desiqn. Th• insidt teaperature was never aore 
than 2°c abov1 the outside teaperatur1 for the three isothermal 
tests. The temperature was fairly unifo~ across the buildin9. 
Warmer zones were observed close to the walls and close to the 
center partitions. These zones have been pr~viously identified as 
stagnant zones by Choiniere et al. (1986). 

Intermediate conditions 

With cool1r outside temperatures, the required ventilation 
rates decreased, causinq the air inlet doors to close. Also, the 
incomin9 air jets tended to fall rather than to complete a totally 
deve~oped isot~er11al· airflow patte_rn. - Ba~\>e~ et al. (1982), 

· Rand~ll ( 19'75) .and Ti-ops_ et al. {1986) - de~~ri~ed these phenomena . 
by consider~ricj the d'ifferences in relative densities ·· and the -lack 
Of momentuil Of the air jets. ·close - to the aain· incoming air 
atreams temperatur1 fluctuations vere 9reater at the ceiliDCJ than 
at the floor. 

A distance 3 to 4 aeters froa the outside valls corresponded 
to vhere the air jets vere fallincJ fro• the ceiling... The highest 
temperature flUCtUatiOftS OCcured along the OUtSide Walls I 
diainishi119 toward the centre of the barn. Tbe present locations of 
the thermostats, at J. 3• fro• the val ls were adequate to control 
temperatures over the sleeping area. 

Cold conditions 

For outside teaperatures below oo to soc, the airflow patterns 
indicated that the incoain9 air fell close to the outside walls. 
The ridge openinq acted as the aain outlet. Ther11ostats as located 
were able to provide desirable environmental conditions. 

Tberwostat Elevations 

Comparison of Pi9s. 4 to 7 show that both thermostat 
elevations, 0.9 and l.Sa, maintain the teaperature over the 
sleeping area above the L.C.T.. But, for intermediate .and 

-especially co~d conditions, temperature fluctuations were generally 
greater when ·the thermostat _was at . the i·. Sm height. 
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Th• preferred elevation tor the thermoetat 1• therefor• be 0.9• 
above the floor. However at thla location, it •u•t be protected 
fro• phyaical dama9e by th• h09a. 

No data vere available for theraoatat elevation• l••• than 
o. 9a. A lover location aight provide ao•• benefit in control of 
te•p•rature fluctuation• but could alao be aubject to aialeadinq 
readinqa due to th• proxi•ity of the h09a. 

COllCLDSIOll 

The lon9itudinal location of the ther11oatats should be at the 
•idlen9th of the buildinq in order to •iniaiz• temperature 
variations caused by winds parallel to the buildinq lenqth. As 
well, tor the weather condition studied, thermostats located 3. 3• 
from the outside walls provided coatort zones over most ot the 
sleepin9 area. .. Tem~rature fluctuations vere reduced tor a 
thermostat elevation of o.9• as compared to l.5m. 

RECOMMENDATIONS 

Recommendations that evolve fro• this study in order to adapt 
the controllable variables (buildin9 desi9n, orientation, 
management, etc.) to the uncontrollable variables (wind direction, 
outside temperature). They are: 

1- For cold weathe_r, an ACNV bpildi119 shQuld be oriented 
perpendicular to the prevailinqo vi~d•. ~ . - · ~ . - -
2- Buildings lQnger than 23• could. benefit- trom a - •ulti-z-one. 
control system, particularly durinq periods when the wind is 
not perpendicular to the leJ\Cjth of the buildin9. 

IOR'.l1lltll STUDUS 

so .. other uncontrollable variables that require study are: 

1- the effects of vind direction for colder and warmer outside 
temperatures. 
2- the effects of rapid changes of outside weather conditions 
on the ther.al behaviors of ACMV buildi119s. 

Some controllable variables that require study are: 

1- the performance of a •ulti-zone control syste• tor buildings 
longer than 23•. . 
2- the development of a t~mperature sensi"9 element which pi9s 
wouid be reluctant to touch or other methods of protectinq' the 
thermostats. 
3- the effects of upwind interference such as "adjacent 

' buildings. " 

·, 
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